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Among the crucial invention of the 5G is the device to device (D2D) system, 
whereby cellular gadgets correspond via immediate transfer or by multihop 
transfer excluding the ground-terminal. It is probable that D2D users are concurrent 
with human body network. Due to this, we suggested an Internet of Health 
Things (IoHT) system which enables collaboration work among D2D users 
and human body indicators. We may regard the power as the most unique 
source in the wireless body area network (WBAN). The least needed transferring 
capacity may accomplish a particular degree of function, and minimum capacity for 
transfer holds a crucial responsibility in decreasing power usage. In this study, 
we discovered the needed transfer energy of four transferring modes: the straight 
transferring system, the double-hop transferring system, as well as double 
increasing coordinated transferring system with Rayleigh medium vanishing 
in its layout. Besides that, we suggested an energy-competent system named 
as efficient-power transmission mode selection-based (EPTMS) system. 
The suggested system chooses suitable transferring system whereby it offers 
the least needed transferring energy that assures a particular transfer duration. 
The statistical as well as simulation results shows that the two-master node 
cooperative protocols (TMNCP), EPTMS may enhance system conduction 
within the main criteria. 
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1. INTRODUCTION 


A wireless body area network (WBAN) consist of a few sensor clusters together with a confined 
power initiator that may be utilized by the community or not coupled with the environment which is used as 
sending as well as accepting gadgets that operates near every person. These sensors may be discovered 
within a body. Each of the sensors consist of the capability to monitor the movement of a body [1-6]. 
Each sensor in a WBAN adopts the surrounding conditions and data change, as the ability of a body to 
diminish the transferring capacity from each sensor. This is because each sensor employs the whole ambiance 
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to replace and send data. Intersection such as this may cause the confirmed and certain cultivation of radios, 
that may to be considered in the creation of system for each WBAN [7-12]. 

A WBAN does not consist of communicating and transmitting of software such as the traditional 
system, therefore, only PHY and MAC layers may be put into account [13-15]. Due to this, among the best 
type of layers that addresses the problems in a WBAN network is the bodily layer. In the bodily layer, a few 
systems which may enhance the function of the system such as modulations, designing of channel, channel 
prediction as well as computing exposure [16-19]. Currently, a few researches were executed to search and 
analyse energy transfer instead of collaborative transfer in WBAN. In the study by [20], the researchers 
discovered the cooperative compressed sensing (CCS) whereby it depicts the WBANSs' power efficacy 
by adopting the usage of random linear network coding or RLNC. According to [21], two types of systems 
are enhanced, which is the Link-Aware and energy efficient protocol for WBANs (LAEEBA) 
and cooperative link-aware and energy efficient protocol for WBANs (CoLAEEBA), internet systems that 
achieved extreme competency. The flaw that showed the probability of it not functioning and power efficacy 
of the associating space-time-coding was considered in the study by [22]. They discovered a thorough 
analysis complementing Rayleigh and Rician vague research. 

Recently, a cluster of the aggregative allocation (AA) method in MAC layer and the analog network 
coding (ANC) system in PHY layer are explained in the study by [23]. Their proposed method is known as 
A3NC and it may achieve crucial progress in showing efficiency and energy consumption. In [24], 
authors proposed a network coding-based fault-tolerant mechanism (NCFM) which was created by 
the clustering system. The objective was to decrease the occurrence of packet loss and total postponement. 
In the study by [25], a linear acceleration-based transmission power decision control (LA-TPDC) system was 
proposed, whereby the signal to noise ratio (SNR), bit error rate (BER), packet delivery ratio (PDR) and 
transfer balance was predicted for all the node considered. In the study by [26], an MI-ICC method is 
proposed. This is because several on-body relaying nodes and an administrator was joined to the ill person’s 
attire. In the study by [27], the researchers proposed efficient relays involving on body and in body WBANs. 
In a system coding two-way relaying collaborative correspondence, the scholars put into account and created 
the energy efficiency (EE) and packet error rate (PER) [28]. In [29], the researchers suggested the combined 
relay involving the power control scheme (JRP) that considers the transfer efficiency. The proposed method 
achieved a good balance among efficiency and power consumption. The crucial data numbering was 
reviewed and evaluated in the study by [30]. (CD-ICC) is proposed, designed above the IEEE 802.15.6 
CSMA standard to reduce the e2e postponement, the task rotation as well as the overall energy transfer. 
In the study by [31], TMNCP is proposed to decrease re-transmission process and overall energy transfer. 

This research depicts the latest Internet of Health Things oHT) technology conjoining with the 5G 
technology, where D2D users may work with WBAN sensor to send information to the brink of the IoHT. 
Many transfer modes was searched and evaluated in the sense of disruption occurrence, working transfer rate 
and least needed transfer energy. For instance, straightforward transfer, dual hop collaborative transfer, 
increasing relay transfer, and increasing collaborative transfer modes. 


2. PROPOSED ARCHITECTURE 
2.1. Internet of Health Things (IoHT) 

In this research, a unique design of an IoT for medical regiment is introduced. This is as depicted in 
Figure | that contains six levels. Every level contains a data consisting of the physical to medical assistance 
and advices to familiarize a person with the latest medical system. The first level which is the WBSN level, 
all indicators that is joint straight to the device may gather EEG, EMG, ECG, Glucose as well as BP sensors 
by handling the insulin pump, thermometer and motion sensors. 

These indicators are fixed into a routing device and are coded as 802.15.6 that is adopted to send 
data to the neighbouring node. The second level is the D2D system level. It is predicted that a person’s body 
and a few cellular gadgets may work within the same place. Indicators may send the gathered information to 
the neighbouring D2D cellular device, in contrast to the conventional WBSN whereby it adopts a particular 
collaborative node, and dismisses the single point of failure (SPOF). The cellular gadget may not execute the 
evaluation of information, it only accepts them and re-sends it to level 3. The third level is the routing 
devices level, whereby it indicates the connection to WBAN to the web’s territory, and occasionally placed 
within the WBSNs. This level contains the Wi-Fi network, the entry mark or the mobile base-station. 
The fourth level is the web level. It conjoins level 3 and level 5 together. Mainly, level 3 and level 4 
are attached with conducted channel for example fiber optics. 

The fifth level, the smart storage level may take out crucial information via the accepted information 
and transmit imprint of the information to the sixth level, medical service, suggestion level, whereby in this 
level, the data administered and kept in the archives that consist of the patients’ data is then sent to 
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the information platform where suggestions on medicines, patients’ eating regime and urgent doctors are 
included in this platform. 
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Figure 1. Proposed of Internet of Health Things 


2.2. Generation of model and link analysis 
This segment depicts the model of production and the relationship evaluation among the two nodes. 
The duration of signal-to-noise (y,q) from indicator approaching one of the D2D-U is represented as [32-34]: 


Ved = pap ta (1) 
whereby P, is regarded as transfer energy, ôç may be regarded as multiplication of each antenna achieved, Py 
may be regarded as the noise capacity and X,qg may be regarded as a perplexed Gaussian random variable 
including unit variance. Therefore, the medium possession |X,q|* may be regarded as an exponential scatter 
of random variable including the mean value, 1/A,qg = E [| Xsq |*] = i whereby EF depicts the prediction. 
Whereby, d,q depicts the distance among the sensor and D2D-U, a, represents the path loss element that 
differs among 2 to 6. P; may be regarded as the interfering energy accepted at D2D-U generated by close 
indicators of WBANs, that may be calculated with [35-37]: 


P, = Xk P, dg” (2) 


whereby n may be regarded as an amount that depicts the sensors that develops interference at CN, n = 
123a ,K. P may be regarded as the power developed by interfere nodes or interferer power, dg may be 
regarded as the space of nth interferer as well as D2D-U, and az may be regarded as the element of path loss 
of each interfere node. The transfer duration among the source sensor and D2D — Uy is: 





_ Pt ôc 
Bsa = Blog, (1+ E Xea ) 3) 
whereby B is the transfer medium bandwidth which is derived from the PHY layer of IEEE 802.15.6 [6]. 
The out of work time may be regarded as the probability of accustomed duration of transfer whereby it is 
lesser than the required transfer duration ( £,) and it is presented as [38-40]: 





Outsa = P(Bsa < Bo) = 1- exp(- z=) (4) 


Pt da 


(Py+Py) (280-1) 





whereby, U, = 5 , the sufficient transfer probability is presented as: 
SUC,a = 1— Out,a = exp (- it] (5) 


The possibility of effective transfer can be described as the possibility of effectively accepted bit of 
the destination. Next, the needed transfer energy via S derived from transfer to CN or the needed transfer 
energy of DT is represented as: 
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Ut a% 
~ log(SUCsa) 


(6) 


3. DESIRED TRANSFER ENERGY FOR THE MANY COLLABORATIVE TRANSFER MODES 
3.1. Dual-hop transmission mode (dHTM) 

The first mode is the dual-hop transfer mode and is depicted as below: if the indicator 
and D2D — U, is not in the similar transfer duration or that the straight attachment is too fragile, the indicator 
transfers the information pack to the relay indicator and it will send the elements accepted via the original 
indicator to the D2D — U,. Therefore, the disruption possibility of dHTM is described as follows: 


2(Pyt+P))(280-1) ( 1-sUCg =4 
ĉc dg, +d% 


ee (7) 


3.1.2. Incremental relay transmission mode (iRTM) 

In this part, the incremental relay transmission mode is represented and calculated. The iRTM is 
described as below: if the D2D — U, do not accept data package in the right manner, the D2D — U, will 
transmit again the NACK, and relay will resend everything by its property to the final mark, and relay will 
remain silent. Therefore, the disruption possibility of iRTM is described as: 


(Py+P,) (280-1) (1+ Uy a%q+(UZa%-d74)) 


ôc ( 2-SUCr ) (8) 


dG + d7g+d 


tot ~ 
P.O & 


3.1.3. Incremental cooperative transmission mode (iCTM) 

In this area, the incremental cooperative transmission mode is characterized and calculated. 
The iCTM is described as the following: if the D2D — U, does not accept the data package in the right 
manner, it will transmit an ACK to the original indicator, whereby the relaying indicator will reject 
everything accepted via from the origin. If not, it will transmit a NACK that allows the relay indicator to 
resend everything transferred via the origin, after that the goal incorporates everything that was accepted via 
the original indicator and relay indicator from MRC. Therefore, the efficient transfer probability of iCTM is 
depicted as: 


Py (280-1) (1+ Uc ASat (UE aS-dra ) (9) 
S¢ (2-SUC¢) (dy f +479) 
(dft dg ase +a, p+ 


tot ~ 
Po x 


4. RESULT AND DISCUSSION 

4.1. Execution evaluation of straight, dual-hop, increasing relay, and collaborative transfer modes 
Table 1 depicts the presentation of the many transfer modes for various factors. The outstanding 

transfer possibility, SUC, is 0.95; the path-loss variable, a, is 4; power of the interferer nodes, P, is 10 mW; 

the path-loss parameter of the interferer nodes, @2, is 3; the distance of interfere nodes to D2D — U;, and dg, 

is 4 m, the 6, is | and sound capacity is —174 dBm. 


Table 1. Presentation of the many types of transfer mode according to various factors 
dsa = do dy, &d,qg Number of interfere nodes,n £8,/B(b/s/Hz) Required transmission power (dBm) 








DT dHTM iRTM iCTM 
1.0 0.5 do 1 0.1 -36.6028 -42.5125 -47.1517 -47.2547 
1.0 0.75 do 2 0.2 -30.4290 -29.2951 -39.8261 -40.2535 
1.0 1.0 do 3 0.3 -26.7524 -20.6209 -34.2714 -35.2899 
1.0 1.1 do 4 0.4 -24.0970 -15.4886 -30.2376 -31.9863 
1.0 1.2 do 5 0.5 -22.0005 -12.7017 -27.7203 -29.2710 
1.0 1.3 do 6 0.6 -20.2568 -9.5675 -25.0348 -26.8242 
1.0 1.4 do 7 0.7 -18.7561 -6.7794 -22.5868 -24.5846 
1.0 1.5 do 8 0.8 -17.4327 -4.2576 -20.3232 -22.4977 
1.0 1.6 do 9 0.9 -16.2445 -1.9482 -18.2107 -20.5321 
1.0 1.7d, 10 1.0 -15.1624 0.1871 -16.2265 -18.6684 
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Figure 2 depicts all the needed transfer energy for DT, dHTM, iRTM, and iCTM as compared to 
inter node space, d,. In the figure, the internode space d,q is the same as d,, whereby it differs from 
1 to 3m, and d,, as well as d,q are scheduled to 0.75d,. The DT defeated dHTM, and the iRTM and iCTM 
defeated the DT. Besides that, the iCTM defeated the iRTM. 
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Figure 2. The overall needed transfer energy for every mode against inter-node distance. 
For every situation, the amount of interfere nodes is 10, and the ratio 6,/B is 0.5 


Figure 3 depicts the overall needed energy transfer for EPTMS and TMNCP in contrast to dsg 
whereby is depicted as do. In the figure, the amount for d,, and d,g are chosen unspecifically at every do. 
via this figure, the EPTMS chooses the transfer mode which is the least overall needed energy constructed on 
the area of each origin sensor, as well as D2D — U and relaying indicators. The EPTMS depicts a more 
favourable presentation in contrast to the TMNCP in the duration of overall needed transfer energy. 
This is because, the EPTMS atd, chooses the most favourable transfer mode and ensures a particular 
transfer duration, Bo. 
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Figure 3. The overall needed transfer energy for the EPTMS and TMNCP in contrast to do. 
For every situation, the value of interfere nodes is 5 
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Figure 4 depicts the overall needed energy transfer for EPTMS and TMNCP, in contrast to path loss 
parameter. In the figure the d,, and d,q are chosen unspecifically at d,. The EPTMS formula needs less 
overall transfer energy in contrast to TMNCP as the role of the pathloss parameter. Figure 5 depicts 
the overall energy conservation by adopting the EPTMS in relation to TMNCP in contrast to dq 
and depicted as d,. In the figure, the d,, and d,q are chosen unspecifically at d,. The suggested EPMTS 
depicts a more favourable energy conservation covering many inter node distance in contrast to the TMNCP. 
Where d, is the same as 1m, the EPMTS consist of higher than 30% energy conservation in relation to 
the TMNCP. When d, is the same as 3m the EPMTS consist of higher than 10% energy conservation in 
relation to the TMNCP. 
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Figure 4. The overall required transfer energy for EPTMS and TMNCP in contrast to the value of interfere 
nodes, n. For every situation, the ratio B,/B is 0.5 
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Figure 5. The overall energy conservation adopting EPTMS in contrast to inter node distance d,. 
For each situation, the value of interfere nodes is 5, and the ratio 8, /B is 0.5 
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5. CONCLUSION 

Efficient-power transmission mode selection-based (EPTMS) formula is introduced. The suggested 
formula is administered at every transfer among the indicator and D2D — U. The suggested formula chooses 
the least needed energy transfer by choosing the right transfer mode according to obtainable factors which are 
the distance, transfer duration, accomplished transfer possibility as well as the amount of interfere nodes. 
Upcoming projects are at work which comprises of conceptual system, for example underlay conceptual 
network system, in the suggested schematics. 


REFERENCES 

[1] D. Abd. Hammood, H. A. Rahim, A. Alkhayyat, and R. Badlishah Ahmad, “Body-to-body cooperation in internet 
of medical things: Toward energy efficiency improvement,” Future Internet, vol. 11, no. 11, pp. 239-2-13, 
Nov. 2019. 

[2] A.A. Thabit, M.S. Mahmoud, A.Alkhayyat, and Q. H Abbasi, “Energy harvesting Internet of Things health-based 
paradigm: Towards outage probability reduction through inter—wireless body area network cooperation,” 
International Journal of Distributed Sensor Networks, vol. 15, no. 10, pp. 1-12, 2019. 

[B] D. A. Hammood, H. A. Rahim, A. Alkhayyat, R. B. Ahmed, and Q. H. Abbasi, “Reliable emergency data 
transmission using transmission mode selection in wireless body area network,” Cogent Engineering, vol. 5, no. 1, 
pp. 198-206, Jan. 2018. 

[4] A. Alkhayyat and N. A. Habeeb, “A cooperative MAC aware network coding toward improving throughput 
wireless body area network,” 2019 2nd Scientific Conference of Computer Sciences (SCCS), pp. 182-187, 2019 

[5] A. Alkhayyat and M. S. Mahmoud, “Hybrid network coding and cooperative communication in WBAN,” 2019 2nd 
International Conference on Engineering Technology and its Applications (IICETA), pp. 79-82, 2019. 

[6] A. Alkhayyat and M. S. Mahmoud, “Novel cooperative MAC aware network coding under log-normal shadowing 
channel model in wireless body area network,” International Journal on Communications Antenna and 
Propagation, vol. 9, no. 3, pp. 198-206, 2019. 

[7] H. Cao, V. Leung, C. Chow, and H. Chan, “Enabling technologies for wireless body area networks: 
A survey and outlook,” EEE Communications Magazine, vol. 47, no. 12, pp. 84-93, 2009. 

[8] R. M. Shubair and H. Elayan, “A survey of in vivo WBAN communications and networking: Research issues and 
challenges,” In 2015 11th International Conference on Innovations in Information Technology (IIT), IEEE, 
pp. 11-16, 2015. 

[9] M. Ghamari, B. Janko, R. Simon Sherratt, W. Harwin, R. Piechockic, and C. Soltanpur, “A survey on wireless body 
area networks for ehealthcare systems in residential environments,” Sensors, vol. 16, no. 6, pp. 831-1-33, 2016. 

[10] Negra, Rim, Imen Jemili, and Abdelfettah Belghith. “Wireless body area networks: Applications and technologies,” 
Procedia Computer Science, vol. 83, pp. 1274-1281, 2016. 

[11] S. Dharshini and M. M. Subashini, “An overview on wireless body area networks,” In 2017 Innovations in Power 
and Advanced Computing Technologies (i-PACT), IEEE, pp. 1-10, 2017. 

[12] H. Mshali, T. Lemlouma, M. Moloney, and D. Magoni, “A survey on health monitoring systems for health smart 
homes,” International Journal of Industrial Ergonomics, vol. 66, pp. 26-56, 2018. 

[13] R. Punj, and R. Kumar., “Technological aspects of WBANs for health monitoring: a comprehensive review,” 
Wireless Networks, vol. 25, no. 3, pp. 1125-1157, 2019. 

[14] R. A. Khan and Al-Sakib K. Pathan., “The state-of-the-art wireless body area sensor networks: A survey,” 
International Journal of Distributed Sensor Networks, vol. 14, no. 4, pp. 1-23, 2018. 

[15] A. Alkhayyat, O. Gazi, and S. B. Sadkhan, “The role of delay and connectivity in throughput reduction of 
cooperative decentralized wireless networks,” Mathematical Problems in Engineering, vol. 2015, pp. 1-10, 2015. 

[16] A. Alkhayyat, “Joint next-hop/relay selection for distributive multihop cooperative networks," Discrete Dynamics 
in Nature and Society, vol. 2015, pp. 1-10, 2015. 

[17] Y. Liao, M. S. Leeson, Q. Cai, Q. Ai, and Q. Liu, “Mutual-information-based incremental relaying communications 
for wireless biomedical implant systems,” Sensors, vol. 18, no. 2, pp. 515, 2018. 

[18] A. S. Ibrahim, A. K. Sadek, W. Su, and K. R. Liu, “Cooperative communications with relay-selection: when 
to cooperate and whom to cooperate with?,” IEEE Transactions on Wireless Communications, vol. 7, no. 7, 
pp. 2814-2827, 2018. 

[19] Y. Zhang, B. Zhang, and S. Zhang., “Lifetime enhanced relay selection scheme in wireless body area networks,” 
In 2017 International Conference on Computer, Information and Telecommunication Systems (CITS), IEFE, 
pp. 205-209, 2017. 

[20] A. S. Lalos A. Antonopoulos, E. Ķartsakli, M. Di Renzo, S. Tennina, L. Alonso, and C. Verikoukis, “RLNC-Aided 
cooperative compressed sensing for energy efficient vital signal telemonitoring,” IEEE Transactions on Wireless 
Communications, vol. 14, no. 7, pp. 3685-3699, July 2015. 

[21] V. Esteves, A. Antonopoulos, E. Kartsakli, M. Puig-Vidal, P. Miribel-Català, and C. Verikoukis, “Cooperative 
energy harvesting-adaptive MAC protocol for WBANs,” Sensors, vol. 15, no. 6, pp.12635-12650, 2015. 

[22] S. Ahmed, N. Javid, S. Yousaf, A. Ahmad, M. Moid Sandhu, M. Imran, Z. Ali Khan, and N. Alrajeh, 
“Co-LAEEBA: Cooperative link aware and energy efficient protocol for wireless body area networks,” Computers 
in Human Behavior, vol. 51, pp. 1205-1215, 2015. 

[23] L. C. Tran, A. Mertins, X. Huang, and F. Safaei, “Comprehensive performance analysis of fully cooperative 
communication in WBANs,” JEEE Access, vol. 4, pp. 8737-8756, 2016. 


Bulletin of Electr Eng & Inf, Vol. 9, No. 6, December 2020 : 2334 — 2341 


Bulletin of Electr Eng & Inf ISSN: 2302-9285 O 2341 





[24] 
[25] 
[26] 
[27] 
[28] 
[29] 
[30] 
[31] 


[32] 


[33] 
[34] 


[35] 
[36] 


[37] 


[38] 
[39] 


[40] 


H. Zhang, F. Safaei, and L. C. Tran, “A novel cooperation-based network coding scheme for walking scenarios in 
WBANSs,” Wireless Communications and Mobile Computing, vol. 2017, pp. 1-20, 2017. 

Y. Peng, X. Wang, L. Guo, Y. Wang, and Q Deng, “An efficient network coding-based fault-tolerant mechanism in 
WBAN for smart healthcare monitoring systems,” Applied Sciences, vol. 7, no. 8, pp. 817-1-18, 2017. 

R. Prakash, A. B. Ganesh, and S. V. Girish, “Cooperative wireless network control based health and activity 
monitoring system,” Journal of Medical Systems, vol. 40, no. 10, p. 216, 2016. 

A. K. Sagar, S. Singh, and A. Kumar, “Energy-aware WBAN for health monitoring using critical data routing 
(CDR),” Wireless Personal Communications, vol. 122, pp. 273-302, 2020. 

S. Yousaf, N. Javaid, U. Qasim, N. Alrajeh, Z. A. Khan, and M. Ahmed, “Towards reliable and energy-efficient 
incremental cooperative communication for wireless body area networks,” Sensors, vol. 16, no. 3, p. 284, 2016. 

M. Waheed, R. Ahmad, W. Ahmed, M. Drieberg, and M. M. Alam, “Towards efficient wireless body area network 
using two-way relay cooperation,” Sensors, vol. 18, no.2, p. 565, 2018. 

J. Cui, Y. Sun, J. Wang, and Y. Ji, “Node-position-based joint relay selection and adaptive power control scheme in 
wireless body area networks,” Wireless Personal Communications, vol. 96, no. 1, pp. 1519-1535, 2017. 

A. Arfaoui, O. R. M. Boudia, A. Kribeche, S. M. Senouci, and M. Hamdi, “Context-aware access control and 
anonymous authentication in WBAN,” Computers & Security, vol. 88, p. 101-496, 2020. 

B. Jajodia, A. Mahanta, and S. R. Ahamed, “IEEE 802.15. 6 WBAN standard compliant IR-UWB time-hopping 
PPM transmitter using SRRC signaling pulse,” AEU-International Journal of Electronics and Communications, 
vol. 117, p. 153119, 2020. 

H. Feng, H. Wang, L. Dai, and L. J. Cimini, “To cooperate or not to cooperate: An outage analysis of interference- 
limited wireless networks,” JEEE Transactions on Wireless Communications, vol. 13, no. 2, pp. 822-833, 2014. 

J. N. Laneman, D. N. C. Tse, and G. W. Wornell, “Cooperative diversity in wireless networks: Efficient protocols 
and outage behavior,” JEEE Transactions on Information Theory, vol. 50, no. 12, pp. 3062-3080, Dec. 2004. 

I. S. Gradshteyn and I. M. Ryzhik, “Table of integrals, series and products, 7th ed.,” Academic Press Inc., 2007 

N. Bradai, L. C. Fourati, and L. Kamoun, “Investigation and performance analysis of MAC protocols for WBAN 
network,” Journal of Network and Computer Applications, vol. 46, pp. 362-373, 2014. 

A. Rahim, N. Javid, M. Aslam, Z. Rahman, U. Qasim, and Z. A. Khan, “A comprehensive survey of MAC 
protocols for wireless body area networks,” In 2012 Seventh International Conference on Broadband, Wireless 
Computing, Communication and Applications, IEEE, pp. 434-439, 2012. 

S. Ullah, and C. Li, “Energy-efficient MAC protocols for WBANs: Opportunities and challenges,” 
Telecommunication Systems, vol. 58, no. 2, p. 109, 2015. 

S. Bhandari and S. Moh, “A survey of MAC protocols for cognitive radio body area networks,” Sensors, vol. 15, 
no. 4, pp. 9189-9209, 2015. 

R. Sruthi, “Medium access control protocols for wireless body area networks: A survey,” Procedia Technology, 
vol. 25, pp. 621-628, 2016. 





Integrating device to device network with Internet of Health Things... (Mahmoud Shuker Mahmoud) 


